derm patterning. BMS493-treated embryos appeared healthy and, similar to nls mutants [4], lacked pectoral fin buds and exhibited a reduction in the anteroposterior (AP) extent of the hindbrain (data not shown).
/5). Glucagon expression is also absent after treatment with BMS493 (n ϭ 45; data not shown [DNS]). (C) trypsin (blue; bracket) and insulin (red). (D) trypsin is undetectable after BMS493 treatment (n ϭ 40). (E and F) trypsin is significantly reduced in nls embryos (n ϭ 5). (G) islet1 expression in cranial nerves (bracket) and the pancreas (bar). (H) Pancreatic
). The shift in thyroid location Retinoid-deficient quail embryos show localized apoptotic cell death in the CNS [24] . However, we confirmed was confirmed using hhex, which marks the thyroid as well as liver (data not shown) [20] . We hypothesized that that the absence of pancreas and liver cells in BMS493-treated embryos is not a result of aberrant cell death. We this altered thyroid position, as well as the loss of the pancreas and liver, might reveal disrupted AP positional initiated BMS493 treatment at 9 hpf (causing complete absence of the pancreas, see below) and analyzed cell information.
To further test this hypothesis, we altered RA signaling death by ISEL at 11 and 13 hpf, two intermediate stages before the onset of pdx1 expression, and at 22 hpf, by treatment with exogenous RA. Treatment with 10
Ϫ6
M RA for 1 hr (9-10 hpf) resulted in minimal alterations when markers of differentiated cells are expressed. We detected no discernable differences in apoptotic cell to morphology but dramatic anterior ectopic expression of all pancreatic markers (Figure 3 ). In addition to ectopic death between embryos with normal versus blocked RA signaling ( Figures 2E and 2F , data not shown). Thus, expression, the normal pancreatic expression domains were retained. The pancreatic progenitor markers pdx1 RA does not merely act as a survival factor, but rather functions to direct specification of pancreatic progenand islet1 were broadly expressed in the anterior endoderm of RA-treated embryos ( Figures 3A and 3B ), itors.
We confirmed that endodermal organs other than the whereas ectopic endocrine marker expression occurred in islands of cells (Figures 3C-3E) . Two-color double in centrations (10 Ϫ7 M; Figure 3I ) but was lost altogether in response to higher RA concentrations (10 Ϫ6 M; data situ analysis showed appropriate spatial organization of ectopic pancreatic cell types [12] (Figures 3C and 3H) . not shown), suggesting that posterior endodermal derivatives had replaced anterior tissues partially or comEctopic expression initiated anteriorly and on time (pdx1 and insulin; data not shown), suggesting that cells did pletely in a dose-dependent fashion. Furthermore, ectopic pancreatic and liver marker expression extended not mismigrate, but rather differentiated in an inappropriately anterior position.
to the anterior limit of the embryo in response to high RA concentrations but extended less extensively in reAs RA concentration was increased, expression of endodermal markers shifted further toward the anterior sponse to lower RA concentrations ( Figures 3D-3G) , suggesting a concentration-dependent posteriorization ( Figures 3D, 3F, and 3E-3I) . The anterior expansion of "trunk" endodermal cell types (pancreas and liver), and of the endoderm. Similar alterations to AP identity in response to ectopic RA have been well documented in the corresponding loss of "head" endoderm (thyroid and pharynx) in RA-treated embryos, suggested that manipthe ectoderm and mesoderm [3, [27] [28] [29] . We propose that the effects of disrupted RA signaling ulating RA signaling reassigns AP identity of the endoderm. Accordingly, expression of the pharynx marker on endodermal derivatives may similarly be explained by a reassignment of AP identity. We have observed nkx2.3 was shifted anteriorly in response to low RA con- We have demonstrated that RA plays a vital role in Material). After 11 hpf, the number of cells was gradually for nls embryos. We thank Robert Ho, Andrew Oates, Cliff Ragsdale,
